ity of an open approach. TORS has been supported by a number of recent publications reporting the short-and medium-term oncological outcomes from single institutional studies 3, 4 and a multi-institutional study reporting a 3-year survival rate of 92.5% and a 3-year recurrence-free rate of 88.8%. 5 There has also been promising functional outcomes of TORS with appropriate adjuvant therapy. 6 Haemorrhage remains a potential risk after any surgery. Postoperative haemorrhage after TORS has been described and can be life threatening. 7 It is an area of current interest because of the increasing adoption of TORS 8 and the active recruitment to current multicentre randomised controlled trials, such as ECOG 3311 (NCT01898494) 9 and PATHOS. 10 In open surgical approaches, the main feeder vessels to the primary resection are divided and ligated and the defect repaired with a flap. In transoral robotic resections, the primary defect is left open to heal by secondary intention.
The aim of this study was to describe our institutional experience of postoperative haemorrhage after TORS. We aimed to report the incidence of all haemorrhage episodes, episodes of major haemorrhage and identify predictive factors.
procedures at our institution. All patients receiving a TORS operation were included. 
| Mayo Clinic classification
Postoperative haemorrhage was classified using the Mayo Clinic classification system 12 for transoral haemorrhage (See Table 1 ). This is a scale of 5 categories that incorporates the level of intervention required and the short-term sequelae of the haemorrhage event. 
| Minor and emergent haemorrhage

Keypoints
• Transoral Robotic Surgery (TORS) is becoming increasingly popular.
• Hemorrhage remains a complication with potential live threatening sequelae.
• In 122 patients receiving TORS there were 23 bleeding events following 19 operations (16%).
• Hemorrhage requiring a return to the operating room occurred after 7 operations (6%).
• There were no hemorrhage events in the 36 patients who received a synchronous neck dissection with transcervical ligation of the external carotid artery. 3.4 | When did haemorrhage occur? Figure 1 shows the postoperative day that a bleeding event occurred
and when an intervention was required. The median time for 
| Trend in haemorrhage events
The percentage of haemorrhage events per year varied between 11% and 20% for all events and 0 and 11% for emergent events requiring intervention (Figure 2 ). There is no clear trend in the incidence of haemorrhage events over time.
| Patient factors associated with minor and emergent haemorrhage
There were no statistically significant patient factors that correlated with bleeding of all severities combined or with emergent (intermediate, major or severe) events requiring intervention (Table 4 ). Time to oral intake trended towards significance for all haemorrhage events.
The odds of having a haemorrhage in a patient starting oral feeding 
| Surgical factors associated with minor and emergent haemorrhage
When examining the extent of resection, the odds of a bleeding event were 2.6 times greater in patients receiving a larger resection, but this was not statistically significant (P = .107; Table 5 ). The odds of presenting with an emergent haemorrhage were 5.19 times greater in patients that had a staged neck dissection when compared to patients not receiving a staged neck dissection (P = .05). The odds of presenting with an emergent haemorrhage were 6.67 times greater in patients who did not have arterial ligation when compared to patients not receiving ligation (P = .087); there were no intermediate, major or severe haemorrhage events out of the 36 patients who received transcervical ligation compared to 7 events out of the 85 patients who did not receive ligation.
| Outcomes in patients after haemorrhage
The 2 severe haemorrhage events included 1 patient that received an emergency tracheostomy following a haemorrhage and 1 patient that was successfully resuscitated following cardiopulmonary arrest from hypovolaemia shock (Table 6 ). Both patients were successfully managed with the first patient being decannulated after the surgical defect had healed and the second patient being successfully resuscitated and having no long-term medical sequelae. There were 7 arrests of haemorrhage procedures with embolisation being performed in 2 cases as an emergency and in a semi-elective setting for 1 patient.
| DISCUSSION
Haemorrhage following transoral surgery is a serious complication that can be life threatening. Haemorrhage following transoral laser 16 and electrocautery resections has been previously Firth's method was used to obtain this odds ratio due to quasi-complete separation.
described. 12, 17 With the increasing adoption of TORS in the treatment of selected patients with oropharyngeal cancer, 18 it is of major importance to know the incidence and identify predictive factors for this complication.
In 122 TORS procedures at our institution, there were 23 bleeding events after 19 operations, an incidence of haemorrhage of 16%.
However, haemorrhage requiring a return to the operating room occurred in 7 patients, an incidence of 6%. These figures are quite similar to those reported in the literature as shown in Table 7 . Importantly, our study did identify surgical factors that were associated with haemorrhage. In our study, the odds of a postoperative bleeding event were 2.6 times greater in patients receiving a larger resection (P = .107). This has not been shown in TORS before, and although it is not significant in our study, larger resections have been correlated with more complications in open surgery of the head and neck. 22 The odds of presenting with an emergent haemorrhage were 5.19 times greater in patients who had a staged neck dissection when compared to patients not receiving a staged neck dissection (P = .05). In the patients who had a synchronous neck dissection, 57% (36/63) also had ligation of a branch of the external carotid artery. These patients had a reduced odds of presenting with an emergent haemorrhage (P = .07). This suggests it is the impact of arterial ligation rather than the timing of neck dissection, which is associated with the lower rate of bleeds in our neck dissection cohort.
Transcervical arterial ligation is an area of major interest in the prevention of postoperative TORS haemorrhage. In our cohort, there were no haemorrhage events requiring a return to the operating room out of the 36 patients who received transcervical ligation compared to the 7 events out of the 85 patients who did not receive ligation. Although this was not statistically significant, this may be due to the small sample size of patients receiving cervical ligation.
This finding has also been seen by others. 7 These data therefore suggest that synchronous neck dissection and ligation of the ECA reduced the odds of major haemorrhage events following TORS. This may, therefore, be an important step to prevent postoperative haemorrhage.
Despite the recognised weaknesses of retrospective data collection, this paper highlights haemorrhage as an important risk after TORS and provides reliable data on incidence. It also supports current data that surgical techniques such as simultaneous neck dissection and transcervical ligation are important in TORS management.
| CONCLUSION
TORS haemorrhage requiring surgical intervention occurred in 6%
patients. Simultaneous neck dissection and ligation of the ECA reduced the odds of an emergent bleed.
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